Economic and Environmental Impacts of Cropping Pattern Elements Using Systems Dynamics by Hashemi, Masoumeh et al.
 Available online at www.CivileJournal.org 
Civil Engineering Journal 
  Vol. 5, No. 5, May, 2019 
 
 
 
  
 
  
 
 
    
1020 
 
 
Economic and Environmental Impacts of Cropping Pattern 
Elements Using Systems Dynamics 
 
Masoumeh Hashemi a, Hamed Mazandarani Zadeh b*, Peyman Daneshkare Arasteh a, 
Mehdi Zarghami c 
a Water Sciences and Engineering Department, Imam Khomeini International University, Qazvin, Iran. 
b Assistant Professor, Department of Water Engineering, Imam Khomeini International University, Qazvin, Iran. 
c Professor, Faculty of Civil Engineering and Institute of Environment, University of Tabriz, Tabriz, Iran. 
Received 22 December 2018; Accepted 17 April 2019 
Abstract 
Tragedies arising from poor water resources management and planning are significantly more relevant than climate change 
and frequent natural droughts, especially in arid and semi-arid areas. Nearly 92% of total water is allocated to the 
agricultural sector in Iran. In this situation, cultivation patterns play an important role in agricultural water management. 
Evaluating the effect of each crop would help the stakeholders make a rational decision in choosing appropriate cropping 
patterns to avoid groundwater depletion as well as maintain their livelihoods. The Qazvin plain in Iran, whose aquifer has 
had a drawdown of nearly 20m during the last 15 years, was used in this case study. It has been modeled using system 
dynamics, which includes two subsystems: hydrology, for calculating groundwater level, and economy, for defining 
farmer’s income in the years from 1997 to 2011. The system dynamics, which included 17 crops, was developed after 
calibration by simple genetic algorithm and verification under extreme condition tests. To identify the economic and 
environmental effect of each of the crops, the system dynamics was run 18 times, removing crops one by one. It has been 
found that wheat plays an important role in causing a negative water balance but does not affect the farmers’ incomes as 
significantly as grapes. Two indicators, which included sustainable water resources and water exploitation, were employed 
to assess the scenarios as well. According to the results, no scenarios are fully sustainable for maintaining a steady aquifer, 
but scenario 1, which removed wheat from the cropping pattern, is the most sustainable and puts the least pressure on the 
aquifer. 
Keywords: Groundwater Level; System Dynamics; Farmers’ Income; Sustainability; Wheat. 
 
1. Introduction 
Recently, increasing population, climate change, industrialization, urbanism, etc. have been affecting water 
resources-especially aquifers. Very often in arid and semi-arid countries, farmers use natural resources unwisely in order 
to survive. This kind of behavior causes a crisis in job security, drinking demand and food security. The long-term 
decreasing groundwater level has resulted from many reasons such as weak policy, drought, inappropriate management 
and planning of water resources. Since both groundwater level and farmers’ income are affected by cropping pattern, 
defining an appropriate cropping pattern is an imperative issue that should be noted [1–4]. Consequently, both decreasing 
groundwater depletion and increasing the farmers’ income are essential considerations [4–7]. Cropping pattern could be 
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impacted by many factors such as policy change, importing and exporting rules of agricultural products, climate, product 
demands, water supply, job opportunities and so on.  
During recent years, a large number of studies, many of which are based on cropping pattern optimization, have been 
done [2, 5, 6, 8–12]. Fazlali et al. [13] used a coupled simulation-optimization model to determine the optimal cropping 
pattern in the Arayez plain in the Karkheh river basin in Iran. By integration of Network Flow Programming (NFP) as 
simulation model, and the Shuffle Frog Leaping Algorithm (SFLA) as optimization model, the total net benefit gained 
from crop production was maximized. The results of the coupled SFLA-NFP model show that the net benefit increases 
12% compared to the present situation in the plain. Jebelli et al. [14] developed a model to maximize farmers’ gross 
income by optimizing the cropping pattern while satisfying all of the imposed constraints in the Tigray region in 
Ethiopia. Its constraints included water demand, crop disease, and pest resistance, market price, level of fertilizer input, 
intensity of labor requirement, capital requirements, and post-harvest processing requirements. The results showed that 
the percentages of only two crops; tomato-from 5% to 8%, and barley-from 3% to 44%, were increased in the optimal 
cropping pattern. Osama et al. [15] developed alinear programming to optimize land allocation in order to maximize the 
net annual income of three old areas of Egypt. In the model, different constraints such as water availability, land 
availability in different seasons of the year, self-sufficiency ratios, and actual areas of crops under existing patterns of 
cropping were applied to optimize the cropland of 28 crops in the years from 2008 to 2012. The results showed that the 
benefits are increased by an average of 6.66% ±0.84 over the modeling period. Varade et al. [8] defined a multi-objective 
optimization problem to determine optimal cropping pattern for maximizing the net annual returns and conserve 
groundwater resources simultaneously. The cropping patterns of 33 crops were optimized using two PSO and Jaya 
algorithms and the results led to higher income and less water allocation compared to the existing cropping pattern. 
Youse et al. [16] developed a model that included three objective functions that would maximize the benefits, reduce 
nitrogen leaching, and improve the rate of aquifer recharge, both together and separate. In the developed model, Particle 
Swarm Optimization (PSO) integrated with an additive weighting method and a Multi-Objective Particle Swarm 
Optimization (MOPSO) algorithm were used to find the optimal cropping. The results showed that it is possible to 
increase water efficiency; while increasing farmers’ benefits, and decreasing nitrogen leaching. Rath et al. [17] identified 
a suitable cropping pattern through optimization techniques such as LINDO and Genetic Algorithm. The developed 
cropping pattern gave the net benefit of about 46% more than the present habit.  
The literature review shows previous studies did not mention the impacts of each single crop of the cropping pattern 
on the farmers’ income and groundwater level, nor did they focus on over time. This research is concerned with 
evaluating the effect of each crop on groundwater drawdown and the farmers’ income simultaneously over the same 
period. 
2. Materials and Methods 
2.1. Case Study  
The Qazvin aquifer, in Iran, is one that has a negative balance. As figure 1 shows, the average yearly decrease in 
groundwater level is 1.3 m. The aquifer is the most important resource in the Qazvin plain for all demands such as 
drinking, industry, and agriculture. Farmers are the main groundwater users, by 1200 MCM. Additionally, the income 
of most people in the Qazvin plain is extremely dependent on agriculture. Therefore, the aquifer plays an important role 
in the economy of this area.  
 
 
 
 
 
 
 
 
 
Figure 1. History of groundwater levels over 15 years 
Figure 2 indicates the location of the Qazvin plain, its climate classification as well as its water resources. The Qazvin 
plain‘s needs are provided by transfer water from Taleghan dam, some rivers such as Khar Rood, Abhar Rood, and Haji 
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Arab Rood and its aquifer. To model the case study, the system dynamics was used as an adequate tool. The system 
dynamics of the Qazvin plain has two subsystems including hydrology and economy, which will be described in the next 
section. 
 
Figure 2. Location map of case study 
Following flowchart shows the steps that have been taken in doing the study (Figure 3). Each stage of the research 
is explained in detail as follows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Flow chart of research methodology 
2.2. System Dynamics 
System dynamics (SD) is an approach to understanding the nonlinear behavior of complex systems over time 
using stocks, flows, internal feedback loops, and time delays [18–20]. Additionally, it makes it possible for us to model 
action and reaction of physical and non-physical factors on each other as if we can evaluate the reaction of the extraction 
of the aquifer on employment and so on. The Qazvin plain is modeled using two subsystems: hydrology, and economy.  
2.2.1. Hydrology Subsystem  
The subsystem has two main stock variables including surface water and groundwater.  
-Develop a SD including two subsystems:  hydrology, and economy  
-Calibrate the SD using a Simple Genetic Algorithm (SGA) to minimize the residuals 
- Run the SD for the actual condition with 17 crops (Scenario 0) 
- Design Scenarios  
    For crop i=1:17 
-Remove crop i (scenario ith)  
-Run the new SD with 16 crops  
-Calculate the Farmers’ Income Deficiency (FID %) and the Avoiding Drawdown (ADW %) 
by removing crop i over 15 years  
-Calculate average annual SUI and WEI+ 
     End  for 
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2.2.1.1. Groundwater  
The Qazvin plain has the main aquifer located in the middle of the plain. The aquifer has an important role in growing 
agriculture and it is the most important water resource in the plain as well. Therefore, conserving the aquifer is essential 
to guaranteeing appropriate living conditions in the area for the future.  
The groundwater volume is the stock variable of the subsystem that is calculated by subtracting inflow from outflow 
(Figure 4). The groundwater volume in each year and cumulative groundwater volume was computed using Equations 
1 and 2 respectively. 
∆𝑆𝐺,𝑡  = 𝑄𝐺𝐼,𝑡 − 𝑄𝐺𝑜,𝑡     (1) 
SG,t  = ∆SG,t + SG,t−1 (2) 
Where, ∆SG,t is the change in groundwater storage in year t (MCM), QGI,t is the amount of inflow into the aquifer in year 
t (MCM), QGo,t is the amount of outflow from the aquifer in year t (MCM), SG,t is the cumulative groundwater volume 
in the aquifer until year t (MCM), and SG,t−1 is the cumulative groundwater volume until year t-1 (MCM).  
 
Figure 4. Flow diagram of groundwater stock 
Then, the amount of inflow and outflow of the aquifer are calculated by Equations 3 and 4.  
𝑄𝐺𝐼,𝑡 = 𝐷𝑎𝑔𝑟𝑖,𝑡 × 𝑅𝐶𝑎𝑔𝑟𝑖 + 𝑆𝑅 + 𝑅𝑒𝑇𝐷,𝑡 + 𝑅𝑒𝑟,𝑡
𝐺 + 𝐼𝐹𝑎𝑛
𝐺 + (𝐷𝐼 + 𝐷𝐷𝑟) × 𝑅𝐶𝐼,𝐷𝑅 (3) 
𝑄𝐺𝑂,𝑡 = 𝐷𝐼 + 𝐷𝐷𝑟 + 𝐷𝑎𝑔𝑟𝑖,𝑡
𝐺 + 𝐸𝐺 + 𝑂𝐹𝐺 + 𝐷𝑟𝑅 (4) 
Where, 𝑅𝐶𝑎𝑔𝑟𝑖  is the return flow coefficient to estimate the return water from irrigation, 𝑆𝑅 is the amount of seepage 
from the river (MCM), 𝑅𝑒𝑇𝐷,𝑡  is the amount of artificial recharge from Taleghan dam in year t (MCM), 𝑅𝑒𝑟,𝑡
𝐺  is the 
amount of precipitation recharge in year t (MCM), 𝐼𝐹an
G  annual average recharge by other aquifers (MCM), 𝐷𝐷𝑟  is the 
average annual urban demand (MCM),  𝐷𝐼  is the average annual industrial demand (MCM), 𝑅𝐶𝐼,𝐷𝑅  is the return 
coefficient from extracted water usage for urban and industry needs, 𝐷𝑎𝑔𝑟𝑖,𝑡
𝐺  is the amount of water that was allocated to 
industry and urban demand (MCM), 𝐸𝐺  is the amount of evaporation from the aquifer (MCM), 𝑂𝐹𝐺 is the annual average 
recharge from other aquifers nearby (MCM), and 𝐷𝑟𝑅 is the amount of groundwater discharge to river (MCM).  
Then, the amount of the equivalent groundwater level in year t is computed using Eq. 5.  
GW_lt =
SG,t
Aaq × S
 (5) 
Where, GW_lt is the groundwater level in year t, S is the coefficient storage of the aquifer, and Aaq is the area of the 
aquifer.  
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2.2.1.2. Surface Water 
The most important surface water resource in the plain comes from Taleghan dam. Nearly 10% of it is allocated to 
recharge the aquifer using recharge wells and the remains feed the irrigation network which is located in the northern 
part of the plain (Figure 2).   
Because there is not a reservoir in the plain, changes in storage should be zero (Eq.6). Some water is lost through 
evaporation and flow into other watersheds, while the rest is consumed by the irrigation network (Figure 5). 
 
Figure 5. Flow diagram of surface water stock 
𝑄𝑆𝐼,𝑡 = 𝑄𝑆𝑜,𝑡     (6) 
Where, 𝑄𝑆𝐼,𝑡  𝑎𝑛𝑑 𝑄𝑆𝑜,𝑡  are the amount of inflow and outflow surface water respectively which are calculated using 
Equations 7 and 8.  
𝑄𝑆𝐼,𝑡 = 𝐴𝑙𝑇𝑎,𝑡 × 0.9 + 𝑅𝐹𝑡 + 𝑅𝐼 (7) 
𝑄𝑆𝑜,𝑡   = 𝑂𝐹𝑆 + 𝐸𝑆 + 𝐷𝑎𝑔𝑟𝑖,𝑡
𝑆  (8) 
Where, 𝐴𝑙𝑇𝑎,𝑡  is the allocation from Taleghan dam into the irrigation network in year 𝑡 (𝑀𝐶𝑀), 𝑅𝐹𝑡  is the amount of the 
runoff in year 𝑡 (𝑀𝐶𝑀), RI is the inflow from the main rivers into the plain (𝑀𝐶𝑀), 𝑂𝐹𝑆 is the surface water outflow 
from the plain (𝑀𝐶𝑀), 𝐸𝑆 is the amount of the evaporation (𝑀𝐶𝑀), and 𝐷𝑎𝑔𝑟𝑖,𝑡
𝑆  is the amount of the surface water used 
for gross irrigation demand (𝑀𝐶𝑀).  
2.2.2. Economic Subsystem  
Seventeen crops that occupy most cropland in the Qazvin plain were introduced to SD. In this subsystem, yields and 
water consumption of crops were assigned as a function of cropland, unit yields and unit water demand (Figure 6). Water 
consumption of each crop was determined using Equation 9 and historical data that was collected by the agricultural 
office. 
𝑊𝑅𝑂𝐶𝑍
𝑡 =  𝐴𝑊𝑅𝑂𝐶𝑍 × 𝐶𝐿𝑍
𝑡  (9) 
Where, WROCZ
t  is the total net water consumption of crop Z in year t (MCM), AWROCZ  is the net average water 
consumption of crop z in the Qazvin plain, and CLZ
t  is the cropland of crop Z in year t. Then, the total gross water 
requirement of all crops was computed by Equation 10. 
𝐷𝑎𝑔𝑟𝑖,𝑡 = ∑ 𝑊𝑅𝑂𝐶𝑍
𝑡
17
𝑍=1
×
1
𝐸𝑃
 (10) 
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Where, Dagri,t  and 𝐸𝑃 are the total gross irrigation water needing in year t and the irrigation system efficiency 
respectively. 
The total farmers’ net income during the studied period was computed using Equations 11 and 12.  
𝑇𝑁𝐼𝑛𝑒𝑡
𝑡 = 𝑁𝐼𝑛𝑒𝑡
𝑡 + 𝑇𝑁𝐼𝑛𝑒𝑡
𝑡−1 (11) 
𝑁𝐼𝑛𝑒𝑡
𝑡 = 𝐺𝐼𝑡𝑜𝑡𝑎𝑙
𝑡 − ∑ 𝑌𝑧
𝑡
𝑧
× Cz (12) 
Where, TNInet
t  is the farmers’ total net income until year t ($), NInet
t  is the farmer’s net income in year t ($) calculated 
using Eq.12, TNInet
t−1 is the farmers’ total net income until year t ($), GItotal
t  is the total gross farmers’ income in year t 
($), Yz
t is the total production of crop Z in year t (ton), and C𝑧 is the cost of crop production z in dollar per ton.  
To calculate the amount of products in each year (Equation 13), historical data was used, which shows the amount of 
yield per hectare of each crop in the Qazvin plain.  
Yz
t =  Unit_Yz
t ×  CLz
t  (13) 
Where, Unit_Yz
t is the crop yield of crop z in year t (ton). 
The gross income of the farmers was calculated in year t using Equation 14. 
GItotal
t = ∑ Yz
t
z
× Prz
t  (14) 
Where, Prz
t  is the price of crop Z in year t ($). 
Figure 6. Flow diagram of the economic subsystem 
2.3. Calibration of Model  
Because of variety of crops that are grown in the case study that occupied less cropland but didn't consider in the 
model the SD model was calibrated to meet the historical data. To do this, a Simple Genetic Algorithm (SGA) as an 
optimization model was employed. The objective function of SGA (Eq. 15) was defined in such a way that leads to 
reducing the difference between simulated and observed groundwater levels from 1997 to 2011. 
𝑚𝑖𝑛𝑚𝑖𝑧𝑒 
∑ (𝐺𝐿𝑂𝑏
𝑡 − 𝐺𝐿𝑆𝐼
𝑡 )215𝑖=1
15
 (15) 
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Where, 𝐺𝐿𝑂𝑏
𝑡  and 𝐺𝐿𝑆𝐼
𝑡  are the observed and simulated groundwater level in year t respectively. 
2.4. Scenarios  
To evaluate the effect of each crop on the water resources and farmers’ income, by eliminating crops one by one, 
different scenarios were defined (Table 1). In each scenario, while one crop was eliminated and others remained 
unchanged, groundwater levels and the farmers’ total net income over fifteen years were calculated.  
Farmers’ income, based on the historical data, was considered as farmers’ potential income, therefore the deficit of 
farmers’ income could be calculated in each scenario. Using groundwater level as the environmental factor in each 
scenario, scenario 0 was used as a benchmark. Then the amount of avoiding drawdown and the percentage of the income 
deficiency were calculated using Equations 16 and 17. 
𝐴𝐷𝑊 =
𝐷𝑊𝑚𝑎𝑥 − 𝐷𝑊𝑆𝐶𝑖
𝐷𝑊𝑚𝑎𝑥
× 100 (16) 
𝐹𝐼𝐷 =
𝐹𝐼𝑚𝑎𝑥 − 𝐹𝐼𝑆𝐶𝑖
𝐹𝐼𝑚𝑎𝑥
× 100 (17) 
Where, 𝐴𝐷𝑊 is the percentage of avoiding drawdown (%), 𝐷𝑊𝑚𝑎𝑥 is the maximum drawdown, which is resulted during 
fifteen years (m), 𝐷𝑊𝑆𝐶𝑖  is the drawdown that would arise from scenario i (m), 𝐹𝐼𝐷 is the percantage of the Farmers' 
Income Deficiency (%), 𝐹𝐼𝑚𝑎𝑥  is the maximum farmer's net income, which farmer earned during 15 years (billion 
dollars), and 𝐹𝐼𝑆𝐶𝑖  is the farmers’ net income that would be gained in scenario i (billion dollars). 
Table 1. Detail of scenarios 
No. Name of scenario Information 
1 Scenario 0 historical cropping pattern 
2 Scenario 1 Remove wheat 
3 Scenario 2 Remove barley 
4 Scenario 3 Remove potato 
5 Scenario 4 Remove tomato 
6 Scenario 5 Remove maize 
7 Scenario 6 Remove silage 
8 Scenario 7 Remove cucumber 
9 Scenario 8 Remove rapeseed 
10 Scenario 9 Remove sugar beet 
11 Scenario 10 Remove onion 
12 Scenario 11 Remove cotton 
13 Scenario 12 Remove melon and watermelon 
14 Scenario 13 Remove alfalfa 
15 Scenario 14 Remove peach and nectarine 
16 Scenario 15 Remove grapes 
17 Scenario 16 Remove apple 
18 Scenario 17 Remove pistachios 
 
2.5. Evaluating Indicator  
To evaluate the impact of each scenario on the aquifer and farmers’ income two indicators were developed, 
Sustainable Index (SUI) and Water Exploitation Index (WEI+).  
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2.5.1. Sustainable Index (SUI) 
To quantify the sustainability of water resources systems in each scenario as well as evaluate and compare them with 
each other this index was employed which is calculated using Equation 18 [22]. A negative value of SUI indicates the 
extra water usage and a positive value indicates the proper water abstraction strategies. 
𝑆𝑈𝐼 =
𝑄𝐺𝐼 − 𝐷𝑎𝑔𝑟𝑖
𝐺 −  𝐷𝐼 − 𝐷𝐷𝑟
𝑄𝐺𝐼
 (18) 
Where, 𝑆𝑈𝐼 is the sustainable index, 𝑄𝐺𝐼  is the average annual recharge (MCM), 𝐷𝑎𝑔𝑟𝑖
𝐺 , 𝐷𝐷𝑟  and 𝐷𝐼  are the average 
annual agriculture, urban and industrial demand respectively (MCM). 
2.5.2. Water Exploitation Index (WEI+)  
The index represents the pressure of water abstraction on the available freshwater resources [22]. The index could be 
defined as the ratio of average annual demands into average recharge. To solve the uncertainty in the assessment of 
demands and water resources values, a modified water exploitation index (Equation 19) called WEI+ has been developed 
[23]. The near zero value shows less pressure on the aquifer.  
 𝑊𝐸𝐼+=
𝐷𝑎𝑔𝑟𝑖
𝐺 +𝐷𝐼+𝐷𝐷𝑟−𝑅𝑈𝑊
𝑄𝐺𝐼 −𝑅𝑈𝑊
× 100                         (19) 
Where, 𝑊𝐸𝐼 + is the modified water exploitation index (%), and 𝑅𝑈𝑊 is the total return water (MCM). 
3. Results and Discussion 
3.1. Model Calibration 
To check the accuracy of the SD model that was developed in Matlab, all simulated stock variables were compared 
with the values that were computed using Vensim over the simulated period. Then, our model was calibrated by a simple 
genetic algorithm to reduce error between the simulated and measured data. Table 2 shows the statistical indicators 
before and after calibrating. As the data shows, the objective function has a mean square error of 3.07 after calibration.  
Table 2. The statistical indicators before and after calibrating 
Statistical index After calibration Before calibration 
MSE 3.07 1992.717 
R2 0.97 0.34 
3.2. Model Verification  
Following, some extreme conditions were applied to verify the model. To explain, the impact of zero rainfall on the 
rest of the variables affected from rainfall over the fifteen years, was evaluated. As Figure 7 shows, if rainfall reaches 
zero, the amount of aquifer and surface water inflow decreases (Figures 7.a and 7.c). In this condition, in order to meet 
all of the demands, the amount of depletion would rise; therefore, the amount of aquifer outflow would increase (Figure 
7.b). Consequently, the potentiometric surface will be less than the actual value in each year (Figure 7.d).  
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Figure 7. Verification test of SD by assuming rainfall to be zero. (a) The changes of the volume of flow into the aquifer; (b) 
The changes of the volume of flow from the aquifer; (c) The changes of the volume of the surface flow to the plain; (d) The 
changes of groundwater level 
In the next extreme condition test, the water allocation from Taleghan dam was assumed to be zero and then its 
impacts were evaluated (Figure 8). If water allocation from Taleghan dam is assumed as zero, the amount of the aquifer 
inflow is decreased because nearly 10% of this allocated water is used to recharge the aquifer as well as surface inflow 
which is supplied by Taleghan dam (Figures 8.a and 8.c). In addition, since some of the irrigation demand is provided 
by Taleghan dam, this assumption would require more extracting from the aquifer and put the groundwater level lower 
than the actual amount (Figures 8.b and 8.d).  
 
Figure 8. Verification test of SD by assuming the allocation of Taleghan dam to be zero. (a) The changes of the volume of 
flow into the aquifer; (b) The changes of the volume of flow from the aquifer; (c) The changes of the volume of the surface 
flow to the plain; (d) The changes of groundwater level 
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3.3. Scenarios Analysis  
After the calibration and the verification of the developed model, eighteen scenarios that were mentioned in table 1 
were applied separately to the model. Table 3 shows farmers’ income, groundwater drawdown and normalized variables 
for all scenarios. 
As mentioned, scenario 0 is the historical condition, where the aquifer was extremely depleted over the 15 years and 
according to table 3, farmers earned the maximum income of 2.49 billion dollars, therefore in this scenario, the FID was 
zero. Other scenarios have been evaluated based on scenario 0. Scenario 1, with a cropping pattern with no wheat, which 
saves groundwater with no serious impact on farmers’ income. This scenario has been led to reduce the rate of the 
negative balance, such that the amount of drawdown would be 1.3 meters, while farmers' income only is reduced by 
8.6%. Due to the wheat guaranteed purchase program of the Iranian government [12], nearly 30% of farms are cultivated 
by wheat despite the marginal benefit of wheat crops in this area. 
In the second scenario, removing barley would cause about 214 million dollars income deficiency, but improve 
drawdown by as much as 6.3 meters. It shows that the farmer’s income isn’t noticeably affected by the removal of 
barley, while it can make a credible positive impact on the groundwater level. In scenarios 2, 8, 9, 10, and 11 respectively, 
when barley, rapeseed, sugar beets, onion, and cotton were omitted, the farmers’ income diminished by less than 0.6 %, 
but the amount of avoided drawdown varied from 1% to 30%. Removing barley and sugar beet crops would avoid 
depletion by as much as 6.7 and 3.7 meters respectively. It would be less than one meter for rapeseed, onion, and cotton 
crops. Therefore barely has a more potential to increase drawdown when compared to the other four crops in these 
scenarios.  
In Scenarios 3, 5, 6, 7, 12, and 17, the impact of leaving out potato, maize, silage, cucumber, rapeseed, and pistachio 
crops respectively, was a decrease in farmers’ income from 1% to 5% and the avoided drawdown would differ from 
0.48 to 4.7 meters. In these scenarios, scenario 17 could have the most impact to decrease farmers' income by about 100 
million dollars, and prevent aquifer drawdown by about 0.78 meters. Scenarios 5, 6, and 12 would reduce farmers' 
income approximately 5.5 %, while these prevent the groundwater level from going down further; 4, 4.7 and 2.26 meters 
respectively.  
Table 3. The amount of drawdown and farmer's net income for the scenarios over 15 years 
No. 
Drawdown 
(m) 
Avoiding 
drawdown (m) 
ADW 
(%) 
Total  farmer's net 
income (billion dollars) 
Farmer's net income 
deficiency (million dollars) 
FID (%) 
Scenario 0 20.80 0.00 0.00 2.49 0.00 0.00 
scenario 1 1.38 19.42 93.35 2.28 214.84 8.61 
Scenario 2 14.54 6.27 30.12 2.49 3.76 0.15 
Scenario 3 19.63 1.17 5.63 2.46 33.96 1.36 
Scenario 4 16.89 3.91 18.80 2.21 281.50 11.29 
Scenario 5 16.80 4.00 19.22 2.39 103.15 4.14 
Scenario 6 16.02 4.78 22.98 2.36 134.32 5.38 
Scenario 7 20.32 0.49 2.34 2.46 29.91 1.20 
Scenario 8 20.34 0.46 2.22 2.49 4.04 0.16 
Scenario 9 17.06 3.74 17.98 2.48 13.43 0.54 
Scenario 10 20.56 0.24 1.16 2.49 3.81 0.15 
Scenario 11 20.13 0.68 3.25 2.49 8.31 0.33 
Scenario 12 18.54 2.26 10.87 2.39 107.69 4.32 
Scenario 13 13.58 7.22 34.72 2.24 249.41 10.00 
Scenario 14 18.75 2.06 9.89 2.35 144.09 5.78 
Scenario 15 8.01 12.79 61.50 1.60 890.24 35.69 
Scenario 16 18.24 2.56 12.30 2.32 171.63 6.88 
Scenario 17 20.02 0.78 3.77 2.39 100.21 4.02 
 
Removing watermelon and melon, peach and nectarine, and apple would reduce farmers’ income about 5-10 % in 
scenarios 13, 14, and 16 respectively, and these prevent groundwater depletion by about 34.72%, 9.89%, and 12.30 % 
respectively.  
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Scenario 15 decreases the farmers’ income dramatically by 36%. The scenario would help to reduce the historical 
drawdown to 8 meters. Thus, grapes play an important role for farmers' income. Due to a good price, low cost, high 
export, and suitable climatic and soil conditions. 
3.4. Indicators Analysis 
The groundwater sustainability was assessed by SUI for each scenario. The index takes a positive or negative value, 
where high values (which are close to one) correspond to sustainable water use, and low values (especially negative 
ones) show groundwater abuse. The results infer that the SUI would be negative for all scenarios except scenario 1 
(Fig.9). Meaning that, if the wheat crop was removed, then more sustainable conditions would be achieved.    
Consequently, we would have unsustainable groundwater use under all scenarios. The government’s guaranteed price 
policy, has motivated farmers to plant wheat, despite its low benefit, and increased its cultivation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Average annual groundwater sustainability index (SUI) of scenarios 
As mentioned before, the pressure on groundwater extraction would be presented by WEI+, so that 0-20% 
corresponds to no stress; values between 21% and 40% show the situation of water stress, and value higher than 40% 
indicates extreme stress on groundwater [21]. Figure 10 shows the result of WEI+ index for 18 scenarios. As this figure 
shows, although scenario 1 has the lowest WEI+ among the others, in all of them the aquifer is under severe stress. This 
is because the amount of groundwater extraction is much higher than the input inflow in all scenarios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Average annual water exploitation index (WEI+) of scenarios 
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4. Conclusion 
The lack of fresh water is one of the primary world issues that has affected many countries in the arid and semi-arid 
area, such that human life is threatened in these regions. Groundwater depletion is one of the most common tragedies in 
these areas, causing many villages and cities to be abandoned. Inappropriate water resource management not only has 
led to groundwater depletion but also increased the spread of poverty. In this research, the effect of cropping patterns 
on the farmers’ income as well as the aquifer, on the Qazvin plain as a case study, with 1.3 yearly drawdowns, is studied 
using system dynamics.  
The system dynamics that includes two subsystems, water volume, and farmers’ income were calibrated using a 
simple genetic algorithm that minimized the difference between the simulated data and the observed data over 15 years, 
from 1997 to 2011. By removing crops one by one, 18 scenarios were developed. In each scenario, the effect of the 
absence of each crop on the farmer’s income and the aquifer was assessed by SUI and WEI+ indicators. 
The results show that wheat is the crop that has the most impact on the aquifer, such that cropping patterns with no 
wheat had the lowest drawdown and negligible impact on farmer’s income. Further, the results show that grapes play 
the most important role in the economical subsystem of the case study, such that removing them would reduce the 
farmers’ income by 36%.  
Finally, increased wheat production has resulted from the government guaranteed purchase policy, even though it 
does not make as much money as other crops. This study revealed how the guaranteed purchase leads to groundwater 
depletion without any significant benefit for farmers. 
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